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ABSTRACT 



A public switched telephone network (PSTN) provides 
digital video signals from a video information provider 
or digital service bureau to one or more of a plurality of 
subscriber premises. Administration of orders from 
subscribers is carried out by a video gateway and file 
servers at the central office. Asymmetrical digital sub- 
scriber line interface (ADSL) units over a local loop 
carry the necessary signalling between the subscribers 
and information providers. The interface units fre- 
quency multiplex digital video information with voice 
information to the subscriber and support transmission 
of a reverse control channel from the subscriber to the 
central office for transmission back to the information 
provider. Several enhancements and special features are 
disclosed. 
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tions of the VCR, such as pause, fast forward, reverse, 

VIDEO-ON-DEMAND SERVICES USING PUBLIC slow motion, etc. The viewer can thus manipulate and 

SWITCHED TELEPHONE NETWORK replay portions of the program at will. 

The penalty for this convenience, however, is in the 

CROSS-REFERENCE TO RELATED 5 necessity to travel to the local video rental/sales store, 

APPLICATIONS if necessary wait for a popular video program tape to 

This application is a continuation-in-part of applica- become available, once the program is obtained return 

tion Ser. No. 07/766,535, filed on Sep. 27, 1991, entitled borne to view it and then revisit the video store to re- 

PSTN ARCHITECTURE FOR VIDEO-ON- turn the tape. 

DEMAND SERVICES, now U.S. Pat. No. 5,247,347. 10 Telephone lines have been suggested as an alternative 

means of video distribution in Goodman et al., U.S. Pat 

TECHNICAL FIELD No 5>0 10,319 and Kleinerman, U.S. Pat. No. 4,849,811. 

The invention relates to a network for delivering However, systems using the public switched telephone 

television programming to subscribers over a Public network (PSTN) are often bandwidth limited, provid- 

S witched Telephone Network (PSTN), and more par- 15 ing only still frame or video conferencing capabilities, 

ticularly to network architecture for transmitting televi- Because telephone system carriers for the most part use 

sion programing from video information providers the PSTN only for connectivity between subscribers, 

(VIPs) over twisted copper wires or other medium to there is no capability for dynamic routing of digitized 

subscriber premises. video without dedicated leased, wide bandwidth cir- 

BACKGROUND ART cu * te * Telephone line based systems also fail to provide 

acceptable VCR type functional control of the pro- 
Distribution of full motion video data has evolved gramming. 
from early television broadcasting to meet viewer de- Copending application Ser. No. 07/766,535, filed by 
mand. Earliest video distribution was by point-to-point the of ^ present mve ntion on Sep. 27, 1991, 
wmng between a camera and a video monitor. This was » ent i t i ed PSTN ARCHITECTURE FOR VIDEO-ON- 
followed by scheduled television broadcasting of 'pro- DEMAND SERVICES and upon which the present 
gramming over the public air ^waves Inthe 196^, ^ mvention ^ m k tj describes a so-called 
mumty Antenna Television (CATV) was chartered to yideo-on-Demand service that provides video pro- 

provide off-air television signals to viewers in broadcast ^^-^ 0 * .* _ ^1 dctxt a . ^ 

a^„„x» t rt *JT „~a^ t7on in gra mmin g to subscribers over the PSTN. A menu of 

reception fringe areas. JLater, under FCC regulation, the z - r . . A . 

CATV indusiry was required to provide bell access ^!! ri ^>f~£ tTl! * 

and original programming in addition to off-air broad- ^ubsenber s premises. The subscriber may transmit or- 

cast signaldistribution. dem S mformatlon ^ PSTN t0 independent 

In response, several sources of cable network pro- Y* deo W»™«km providers. Video prograniming may 

gramming were established. Because of the wide band- 35 ^ accessed and transmitted to the subscriber directly 

width available on cable television systems, additional fr ° m a v^eo information provider (VIP) or through a 

channels were made available for the new program- buffer located at a central office (CO) serving the 

ming. However, programming was generally pre- su ^P ri ^ e ™ 

scheduled, with the viewer left to tune to the designated ^ W transmits coded digital video data over 

channel at the appointed time to view a particular pro- 40 wideband PSTN supplied connectivity to a central 

gram, office. The video data may be buffered at the central 

To increase revenues, cable television systems have office for transmission over a POTS line to the sub- 
initiated distribution of premium channels viewable scriber. A subscriber may use either a standard tele- 
only by subscribers having appropriate descramblers. phone instrument over the PSTN or a dedicated control 
The descramblers are tuned to receive only premium 45 device over an ISDN packet network to order the 
channels, descramble the video and audio information video programming. Such a device is located at a televi- 
and supply a signal capable of reception on a standard 8 * on set °f tb e subscriber and permits a display of the 
television set. program menu on the television screen. 

Pay-per-view programs, which evolved later, include - Connectivity between the central office and the sub- 
recently released movies, live concerts and popular 50 scriber for transmission of video data is provided by an 
sporting events. Subscribers wishing to view a pay-per- asymmetrical digital subscriber line (ADSL) system, 
view program place an order with the cable operator. ADSL interface units perform multiplexing of digital 
At the designated time, the subscriber's descrambler is video information with voice information to be trans- 
activated to permit viewing of the pay-per-view pro- mitted to the subscriber and support transmission on the 
gramming. However, the subscriber is restricted to 55 ISDN packet data network of a reverse control channel 
viewing the programming at the scheduled time. There from the subscriber to the central office, 
is no capability of delivering programming to a sub- However, video-on-demand service does not include 
scriber on demand, that is, immediately or at a subscri- an integral library of video program material, hence 
ber-specified time and date. enabling only limited storage capabilities for video and 

In the early 1980s, technological advances resulted in 60 audio data supplied by a VIP. Enhanced functionality is 
the proliferation of Video Cassette Recorders (VCR), required to efficiently support multiple program stor- 
establishing a second course for video prograniming age. Furthermore, to support network management, a 
distribution. Pre-recorded video programs are now need remains for a system which dynamically interacts 
available for sale and rental to VCR owners. Using a with network facilities to reconfigure network re- 
VCR, the viewer selects from among many titles avail- 65 sources in real-time and in response to information re- 
able for sale and rental, and views the program when quests. 

convenient. The VCR owner further has the capability Furthermore, certain operational enhancements have 

to selectively view the programming using special func- been found to be desirable in the video-on-demand ser- 



04/19/2004, EAST Version: 1.4.1 



5,410,343 

3 4 

vice described in the aforementioned parent applica- to the information request data for supplying informa- 
tion. For example, it is occasionally desired to order a tion retrieval data and output control data. A video 
video program from the subscriber's office to be played information storage means is responsive to the informa- 
later at the premises of the subscriber. On the other, tion retrieval data for supplying video information. An 
hand, the subscriber must be home and remember to 5 output control means in turn responds to the output 
turn a decoder on at the reserved time, to watch the control data for transferring the selected video informa- 
requested program. If not, the subscriber will not have tion from the video information storage means, 
the opportunity to view the selection but will be In accordance with a further aspect of the invention, 
charged for it anyway. Hence, it would be desirable to the gateway includes means for restricting selection of 
transmit the program and enable a charge to be incurred 10 video information by particular users. Preferably, the 
only if it can be determined that the subscriber is going restricting means includes a data base stored at the gate- 
to view the program. way. 

In accordance with video-on-demand service as de- Another feature of the invention is a means for send- 
scribed in the copending application, the subscriber can ing a ready signal from a subscriber premises to the 
order any programming from the video information 15 gateway indicating that the subscriber is ready to re- 
provider through the telephone keypad or remote con- ceive a video information selection. Another means 
trol unit. However, the unrestricted ability of anyone at transfers selected video information to the requesting 
the subscriber's residence to place an order for any subscriber only upon receipt of the ready signal, 
programming is undesirable, for example, where chil- As a still further feature of the invention, the sub- 
dren are involved. It would be desirable to restrict the 20 scriber premises includes a video signal decoder, and 
ability of viewers to order only those types of program- the ready signal is transmitted to said gateway automati- 
ming they are permitted to view. cally when the decoder is turned on. Preferably, the 

Accordingly, a broad object of the invention is to gateway includes means for storing the ready signal, 

implement video programming on demand using com- The above and other objects, features and advantages 

ponents of the PSTN. 25 of the present invention will become apparent from the 

Another object of the invention is to enable access by following description taken in conjunction with the 

a telephone subscriber to multiple sources of video accompanying drawings, 
programming over the PSTN. 

Still another object of the invention is to enable sub- BRIEF DESCRIPTION OF DRAWINGS 

scribersofthe PSTN to have real time control of video 30 FIG. 1 is a generalized system diagram showing 

prograniming delivery to their television sets. video data flow from a video information source to a 

Another object is to enable a subscriber to select subscriber, 

video programming from a remote location and receive FIG. 2 is a block diagram of a video-on-demand sys- 

the selection at the subscriber's premises. tem as described in the parent application. 

A further object of the invention is to ensure that the 35 FIG. 3 is a functional diagram of an asymmetrical 

video program decoder at the subscriber's premises is digital subscriber line unit (ADSL) shown in FIG. 2. 

turned on before a previously ordered selection is trans- FIG. 4 is a frequency domain diagram showing chan- 

mitted. nelization of a local loop in the system. 

Still another object is to establish service constraints FIG. 5 shows a typical in-the-home configuration 

that prevent an unauthorized requester, e.g., a child at 40 providing video transported over a 1.544 MBPS chan- 

the subscriber's premises, from ordering restricted pro- nel overlaid with standard telephone service signaling 

gramming. in the system. 

DISCLOSURE OF THE INVENTION 6 is fi a ^ware block diagram of the ADSL of 

FIG. 3 configured to provide simplex high-bit-rate ac- 

In accordance with this invention, a central office 45 cess and POTS on a common copper loop, 

based public switched telephone network for supplying FIGS. 7A through 7D together form a flow diagram 

video information from a digital information storage of gateway protocol for accepting subscriber video 

medium to designated subscriber premises comprises orders from local or remote locations, including imple- 

subscriber loop transmission means for transferring (1) mentation of program restrictions in accordance with 

selected video information from a central office to the 50 an aspect of the invention. 

subscriber premises, (2) subscriber order data from the FIG. 8 is a diagram of a decoder unit resident at the 

subscriber premises to the central office location, and subscriber's premises as used in the invention. 

(3) telephone service signals between the subscriber FIG. 9 is a block diagram of a signal splitter and 

premises and the central office. A switch at the central converter circuit used at the premises for processing 

office receives the subscriber order data from the sub- 55 signals at the copper pair. 

scriber loop transmission means. A video gateway in FIG. 10 is a flow diagram showing communication 
turn is responsive to the subscriber order data from the between a subscriber decoder and the gateway for con- 
switch for producing video routing data. A file server, trolling transmission of a selection to confirm that the 
responsive to requests received from the video gate- decoder is turned on, in accordance with an aspect of 
way, obtains selected video information from the digital 60 the invention. 

information storage medium. A cross-connect switch in FIG. 11 is a block diagram of an alternative embodi- 

turn is responsive to the video routing data for transfer- ment of a video-on-demand system using separate Tl 

ring the video information from the file server to the and POTS loops. 

subscriber loop transmission means. FIG. 12 is a block diagram of an embodiment of the 

In accordance with another aspect of the invention, 65 invention implementing a file server at the central office 

the file server includes user request processing means for administering subscriber selections, 

responsive to user request data for supplying informa- FIG. 13 is a simplified diagram of the file server of 

tion request data, and session control means responsive FIG. 12. 
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FIG. 14 is a functional block diagram of the file Customer local loops 20, 22, equipped with Asym- 

server. metric Digital Subscriber Line (ADSL), devices 16, 18, 

FIG. 15 is a more detailed block diagram of the file 124 are connected to the DCS 24 through CO side 

server. ADSL devices 16 or 18. One-way 1.544 megabit per 

rfst Mon* for papp YTMrt ottt twt= 5 seco ° d (mb P s) si * nals m trans P orted ^ v « r *e same 
BEST MODE F^CA^YIKG OUT THE twisted pair transmitting voice messages to the residen- 
ts v±iN iun ^ subscriber ADSL transported signal is demul- 
As an overview of the improved video-on-demand tiplexed, and the 1.544 portion decoded by a conven- 
service upon which an aspect of the invention is based, tional decoder 126 using MPEG standard techniques to 
a video-on-demand service platform shown in FIG. 1 is 10 deliver a full motion video signal 
of the type described in copending application Ser. No. Referring to FIG. 2, the video-on-demand service, 
07/766,535, filed on Sep. 27, 1991 and entitled PSTN residing on the platform of FIG. 1, is shown in greater 
ARCHITECTURE FOR VIDEO-ON-DEMAND detail. Subsequent figures depict various improvements 
SERVICES. The platform adopts existing components thereto. The central office 10 provides video/audio 
of the Public Switched Telephone Network (PSTN) 15 connectivity from VIPs 140 and 160 selectively through 
and implements compression techniques to store video the system to subscribers 100 and 120. CO 10 includes a 
information for subsequent forwarding over interoffice conventional voice switch 12 which includes compo- 
facilities. The switching facilities are located in central nents to detect off-hook, service requests, call comple- 
offices (COs) 10 serving residential customers or sub- tion (Le., ring trip), a DTMF decoder 14 and dial pulse 
scribers. Loop electronic devices modify the transmis- 20 detector. Voice switch 12 also includes a telephone call 
sion characteristics of the local copper loop to provide connection switch for routing voice circuits among the 
required enhancement to the PSTN and permit delivery various ports. 

of full motion video information. Connected to voice switch 12 are ADSL equipment 

Analog video information is first converted to a digi- 16 and 18 for multiplexing (i) voice and signaling infor- 

tal format using encoding techniques compatible with 25 mation from voice switch 12 and (ii) digital video/audio 

decompression algorithms now existing and being de- information from DCS 24 onto respective subscriber 

veloped and standardized by the International Stan- local loops 20 and 22. Digital compressed video and 

dards Organization (ISOs) Motion Picture Experts audio data from video information providers (VIPs) 140 

Group (MPEG). In FIG. 1, the information is derived and 160 is supplied to DCS node 26. The two video 

from a video program source 56 that may represent an 30 information providers 140, 160 shown in FIG. 2 corre- 

mcoming transmission from a satellite or the like or a spond to elements 52-58 and have information storage 

live source 58. The information received from source 56 units 144 and 164 that constitute the video data library 

preferably is previously compressed off-line or may be 54 of FIG. 1. 

compressed on-line by compression circuitry, not Two subscriber premises configurations 100 and 120 

shown. The information from live program source 58 35 are shown in FIG. 2. In subscriber premises 100, video 

preferably is compressed by on-line compression cir- orders are placed using standard POTS service pro- 

cuitry 52. vided with telephone instrument 102 interfaced through 

The information received from source 56 is assigned subscriber ADSL interface 104 to voice switch 12. A 

a title. Each title corresponds to video and accompany- subscriber at premises 100 requests the transmission of 

ing audio information stored as an addressable data file 40 video data using telephone instrument 102 by dialing 

in conventional data processing devices performing the Voice Response Unit (VRU) 34 of video gateway 32 

function of a video library. These files, as well as live through voice switch 12. 

source programming, are passed through a video gate- Under control of Network Management System 28, 
way 30 residing at central office 10 to subscribers. connectivity is established between DCS node 26 and 
The operations of establishing and monitoring con- 45 DCS node 24. Output nodes of DCS 24 provide the 
nections linking a video library port transmitting se- digital video/audio data to selected ADSLs 16 and 18 
lected information with the end user ports receiving the for transmission to subscriber premises 100 and 120. 
information are performed by a supervisory controller ADSLs 16 and 18 (these units are shown in more 
28 to control electronic digital cross-connect switches detail in FIGS. 3 and 6), carry out error correction and 
(DCS) 24 that reside in a central office 10 within the 50 multiplex data on subscriber loops 20 and 22 using fre- 
PSTN. An example of a suitable controller 28 is a net- quency multiplexing to divide the available loop band- 
work management software package, such as MegaHub width into three channels 302, 304 and 306 (see FIG. 4). 
BASIS (TM) Controller by Digital Switch Corpora- Base band audio and signaling below 4 kilohertz (kHz) 
tion. The DCS 24, also used for switching two-way provide connectivity for a conventional telephone ser- 
DS-1 rate transmissions, is adapted to additionally pro- 55 vices available on the "plain old telephone system" 
vide bridging or broadcast of video information to sev- (POTS). Alternatively, ISDN channel requirements 
eral subscribers. consume the bottom 80 kHz of loop bandwidth. Re- 
Normal "data session" control between a video li- verse channel digital packet information, centered on 95 
brary port and a port providing access to the video-6n- kHz., provides 8 kilobits per second (kbps) of handshak- 
demand equipment is one of the functions performed by 60 ing protocol between the customer- and trunk-side 
a central processing unit (not shown) in the video li- ADSLs 16, 18 and 104, 124 to test the copper pair trans- 
brary. The network control software and an adjunct mission path, and approximately 16 kbps connectivity 
processor (also not shown) at the central office 10 con- from the subscriber premises to a packet switched net- 
trol the "network session" between the video-on- work, such as the ISDN network over a D-channel 
demand access port and user ports. The adjunct proces- 65 interface. The 16 kbps signal is stripped by the ADSL 
sor also maintains a record of relevant data regarding 16, 18 and sent to the CO 10. Compressed digital video 
each session which is forwarded to a subscriber billing information is contained within the frequency range of 
system. about 100 and 500 kHz to provide a 1.6 mbps channel 
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for transporting video/audio data over respective loops 
20 and 22 to customer premises 100 and 120. 

The frequency channel represented by range 302 in 
FIG. 4 thus establishes a 2-way channel used to provide 
standard POTS service or ISDN (2B+D) service over 
the ADSL line. Channel 304 is an up-stream only (sub- 
scriber to CO), low speed data channel. Eight kbps of 
this channel is used for transfer of operations, adminis- 
tration, maintenance, and provisioning (OAM&P) data 
for the ADSL unit. The remaining 16 kbps, compatible 
with D channel interfaces of BRI-ISDN, as shown in 
FIG. 1, or with X.25 protocol, is used to interface with 
an. ISDN or X.25 packet switch for allowing the sub- 
scriber to interact with the network and/or the 1.544 
mbps signal provider. 

Channel 306 carries a down-stream only (CO to sub- 
scriber) digital signal providing 1.544 mbps transport 
for carrying the digitized compressed video signal. The 
lower edge of channel 306 is set at 100 kHz., chosen to 



ADSL on the subscriber- and CO- sides includes an 
error correction circuit 21 implementing an error cor- 
rection algorithm, such as the Reed-Sullivan algorithm, 
for correcting errors that arise as a result of transmission 
5 of data on a twisted pair of copper lines. The subscriber- 
and CO-side ADSLs on opposite ends of the twisted 
copper pair carry out "handshaking" while implement- 
ing the algorithm to reduce error in the video signal to 
a minimum. 

10 Referring to FIG. 9, the multiplexer 200 residing in 
each subscriber-side ADSL includes, in addition- to a 
frequency converter 420 for channelizing the incoming 
signal into 1.544 Mbps, 16 Kbs and 8 Kbps components, 
a splitter/filter 400 for separating the standard POTS 
15 signal from the video composite. Hence, the video com- 
ponent incoming on the twisted copper pair is transpar- 
ent to a standard phone resident on the line at the usual 
network interface device (NID). 
Although FIG. 9 depicts the splitter/filter 400 and 
minimize channel loss and allow appropriate bandwidth 20 converter 420 in the form of separate units, the two can 
for base band channel 302 and reverse channel 304 and be combined with a converter as a single unit residing 
to minimize interference from impulse noise. The com- outside the ADSL enclosure. Alternatively, the con- 
bined digital down-stream signal utilizes the DS1 bit verter 420 and decoder 126 can occupy a common en- 
map specified by ANSIT1. 403- 1989. closure, and the splitter/filter 400 arranged as part of 

A down-stream control signal to the subscriber (not 25 the NID at the subscriber's premises, 
shown in FIG. 4) is time division multiplexed with the FIG. 5 shows a typical in-the-home configuration 
1.544 mbps video signal on the 100-500 Hz. carrier. which provides video transported over the 1.544 mbps 
This down-stream control signal, together with the channel. The unidirectional 1.544 mbps signal carried 
digitized compressed video signal and overhead, occu- by the ADSL system has either a Superframe Format 
pies a bit rate band of about 1.6 mbps. All necessary 30 (SF) or an Extended Superframe format (ESF). The 
multiplexing and demultiplexing of the telephone ser- Superframe format consists of 24 consecutive 8-bit 
vice, control and video information signals in the fre- words preceded by one bit, called the framing bit (F- 
quency and time domains are carried out by the ADSL bit), for a total of 193 bits per frame. The F-bit is time- 
units 16, 18 and 104, 124. shared to synchronize the ADSL interface equipment 
Because data channels 304 and 306 are unidirectional, 35 and to identify signaling framing. Twelve consecutive 
the system does not experience self-NEXT (near end frames form a Superframe. A line code used with a 
cross-talk). This allows concentration on the interface Superframe format is bi-polar return-to-zero, also 
and interference from impulse noise because the ADSL known as Alternate Mark Inversion (AMI), 
system is loss-limited rather than NEXT limited. Im- The ESF format consists of 24 consecutive frames, 
pulse noise exposure can be reduced by using a pass 40 each of which includes 192 information bits preceded 
band technique as opposed to a base band approach by 1 F-bit for a total of 193 bits per frame. The F-bit is 
since impulse noise affects are greatest below 40 kHz. used for basic frame synchronization, a cyclic redun- 
Therefore, a modulation technique such as base band dancy check and a data link. Twenty-four frames form 
Quadrature Amplitude Modulation (QAM) or descrete a Superframe. The line code used with the ESF is either 
multitone (DMT) is preferred over a 2B1Q base band 45 AMI, bi-polar 8-zero substitution (B8ZS), or AMI with 
system. Zero-Byte Time Slot Interchange (ZBTSI). 

ADSL multiplexer 200 shown in FIG. 3, in combina- Subscriber and CO ADSL interface units 16, 104 and 
tion with ADSL line 202, supports transmission of a 18, 124 (FIG. 2) are synchronized to ensure that both 
one-way 1.544 mbps digital signal along with a POTS subscriber and CO side units derive timing from one 
or a BRI-ISDN signal over a single non-loaded copper 50 master clock to prevent data loss. Preferably, the units 



pair. This configuration provides service to a customer 
over copper loop lengths of up to 18,000 feet, conform- 
ing with Carrier Serving Area (CSA) and resistance 
design rules. Alternatively, transport may take place 
over a radio frequency link or using cellular transmis- 
sion. The signalling bands may all be tranported on the 
same medium, or may be mixed. For example, tele- 
phone service signals may be transmitted on copper 
wires, and the control and video signals by radio fre- 



derive timing from the incoming 1.544 mbps signal. 
Subscriber end ADSL equipment is powered locally 
from the customer premises; CO end ADSL equipment 
is preferably powered by an external source of DC 
55 input voltage in the range of between —42.5 and —55 
VDC. 

The MPEG decoder 126, shown in more detail in 
FIG. 8, includes a Tl input 450 for high speed data, 
preferably at 1.544 mbps and of DS1 format, and an 



quency. For brevity, ADSL units operating only in a 60 input 452 for a control signal of bit rate of up to 16 kbps. 



transport environment of twisted wire will be described 
hereinafter. 

The ADSL system (the hardware block diagram is 
shown in FIG. 6) provides simplex high-bit-rate video 
data and POTS connectivity to a subscriber over a 65 
common copper loop with transport capability to de- 
liver a one-way high-bit-rate data stream with POTS or 
ISDN basic access multiplexed at baseband. Each 



The control signal is applied to known MPEG control 
processing circuitry 462. The video signal applied to 
input 450 is decoded by video decoder 454 to produce 
an NTSC base band signal to be supplied to an output 
port, as shown, such as an RCA jack. The output signal 
in turn is applied to the video terminals of a television, 
preferably within a frequency bond corresponding to 
channel 3 or 4. 
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The audio component derived from the video signal In an enhanced version of the video-on-demand sys- 
using conventional signal manipulation is applied to tern, subscriber premises 120 (FIG. 2) is provided with 
audio processing circuit 452 to attain right and left a control unit 130 for receiving data commands from a 
channel audio components represented by block 460 for remote control 132. Remote control 132 can be a con- 
supply to a stereo amplifier (not shown). Alternatively, 5 ventional infrared remote control for interacting with 
the audio and video components can remain synchro- control unit 130. Data from control unit 130 is provided 
nized and be supplied to the television through a con- to subscriber ADSL interface 124 or, although not 
ventional RF modulator (not shown). Although not shown, to decoder 126 for transmission of command 
shown in FIG. 8, the front of the enclosure housing the data to ISDN D-channel or X.25 interface 38. The 
MPEG encoder preferably has an interface for accom- 10 interface 38 can provide subscriber order information 
modating an infrared remote control unit. directly to video gateway 30 in lieu of using voice re- 

FIGS. 7A through 7D together form a flowchart sponse unit 34. Once video gateway 30 identifies a sub- 
showing operation of VRU 34 for ordering video infor- scriber request to establish connectivity between the 
mation. Voice switch 12 establishes connectivity with subscriber and a VIP 140 or 160, the address of control 
VRU 34 which answers the mcorning call placed by the 15 ^ 130 k provided to the selected VIP. Upon receipt 
subscriber from either the subscriber's premises or from of corresponding VIP network address by control 
a remote location. In either case, the selection, if avail- unit 130 » direct connectivity is established between 
able and approved, will be transmitted to the premises. control unit and VIP 140 or 160 over packet data net- 

The VRU prompts the subscriber for a user ID which work ^ ^ connectivity permits direct data transfer 
is input via the DTMF pad of telephone instrument 102 20 between ^ customer premises and the associated VIP 
of FIG. 2. The subscriber may be calling from the sub- t0 su PP ort interactive video control used in interactive 
scriber premises or from a remote location to make the educational programming and interactive video presen- 
selection. The user ID is checked at gateway data base tations such as video games. 

32 and, if valid, the VRU prompts for a video selection. oc u C ? n ^° 1 ^ } Z0 / r0V1 A des ™* interactive control of 
The video selection is then input using the DTMF pad 25 * e buffered video data As shown in FIG. 2, temporary 
of telephone instrument 102 which then sends the selec- rt ™^ u < ^ 1 ^. can 1 . bc 1 ? ontrol l ed J over P"J* 
tion information to the VIP via video gateway 30 and " e ^°* ^ ^ Ithm f da * St0red m 

packet data network 40. The VIP identifies the re- ^* f « S " bsCnber Can f f ^rward preview re- 
quested title and determines if the title is available, and » Z^^Sr^n^ ^JTt th ^ de0/ ™' 
tftheholderofthelDisauthorizedtoreceivethetitle 30 ^ c^ta provided via DCS 24 to the subsenbers prem- 
" * "TIT- j " * , . , , " lses. If the requested function exceeds the capability of 

requested. This may be carried out by table look-up to ^ tempor ^ st to buffer Wonnation P p r o^ ded 
a data base c<)ntouung each Utle, and its ratmg, and b ^ £ p ^ e mSb ^ a ^ have ^ ^ of can _ 

.the title ^ ^ classification cellin ^ or reschcdulin ^ a ^ 

embedded m the ID or stored in ^e data base. The 35 sion of ±e ^ e0 programming . F * r example> ^ a 
s^senber thus c^n assign different IDs to vanous mem- t ^ * Qntrol * 0 results h % verflo P w of 

bers of the famdy (for example, children) each ID rep- temporary storage 42 , ^ to the cus . 

™T?T g l* Tfu ° f mth ? mcd ■ t!tles ' , tomer premises under user control will be continued or 

If the title is found, the requesting viewer has not rescheduled 
been restricted from viewing the title, and the title has 40 vrPs 140 ^ m delude respective control units 142 
not been previously queued for transmission, the corre- ^ 162 for accessing vide0 storage units 144 and 164. 
spending data file is opened at the predesigned time M descri bed earlier, the VIP stores the requested pro- 
and a reserve idle communications port is identified for grain in coded or compressed digital format to 
transmission of the video data to DCS node 26. Trans- storage requirements and transmission band- 
mission of the data is delayed for a predetermined num- 45 widt h. Suitable video coding algorithms rely on Motion 
ber of minutes in response to a first request for a video Compensated Prediction (MCP) and Mouon-Compen- 
selecuon to allow for simultaneous transmission of the ^ted Interpolation (MCI). Motion Compensated Pre- 
video data file to subsequent subscribers placing an dictive/Interpolative Coding (MCPIC) is described in 
order for the same title within the delay period The Wong et al. "MCPIC: A Video Coding Algorithm for 
subsequent request orders are also placed in the queue 50 Transmission and Storage Applications", Nov. 1990 
and the associated communications port ID is matched IEEE Communications Magazine. MCPIC provides 
to the subscriber's network address. compression of video information for VCR quality 

After expiration of the predetermined delay, i.e., playback using preprocessing and encoding of the video 
when current time as shown in the flowchart equals the source information to obtain a coded bit stream. The bit 
designated start time, the video data file is transmitted 55 stream represents a progressive format of 30 frames per 
from VIP 140 or 160, as appropriate, through DCS second, each frame having 352 X 240 samples for lumi- 
nodes 24 and 26 to the designated ADSL interfaces 16 nance (Y) and 176 X 120 samples for each of two chro- 
and 18 for transmission to subscriber premises 100 and minance channels (U and V). The MCPIC algorithm 
120. At the end of the program, a message is transmitted supports video material ranging from slow to fast mo- 
te Network Management System 28 to take the system 60 tion with a resolution equivalent to that of consumer- 
down by terminating connectivity between DCS nodes grade VCRs. 

24 and 26. Another compression technique using Motion Esti- 

The subscriber may review the selections made by mation, Motion-Compensation Predictive Coding and 

choosing from the screen menu a "view selections" Adaptive Discrete Cosine Transform (DCT) quantiza- 

option. This accesses a data base at the gateway 32 to 65 tion is supported by the International Standards Organi- 

display a history of all selections that have been made zation (ISO) Moving Pictures Expert Group (MPEG), 

under each ID number and when each selection is MPEG-1 specifies a coding algorithm having a video 

scheduled to be played. data rate of 1.2 mbps and a composite video and audio 
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rate of 1.544 mbps including overhead. This digital- vice. Separate POTS service is provided on lines 56 and 
video and digital-audio compression standard can be 58. The subscriber loop may also comprise a copper 
accommodated by a T-l line or a D-l channel to pro- Digital Loop Carrier (DLC) wherein analog data is 
vide full-motion video within the 1,544 mbps data chan- converted to a digital format and transported over a Tl 
nel provided by an ADSL to the subscriber premises. 5 copper loop circuit. The remaining structure and opera- 
MPEG programmable decoder/processors, capable of tion of the video-on-demand system shown in FIG. 11 
decompressing digital video in real time, have been are otherwise generally the same as in the embodiment 
produced by such companies as C-Cube Microsystems of FIG. 2. 

and LSI of San Jose, Calif. These or equivalent devices With reference now to FIG. 12, in another cmbodi- 
are incorporated into decoders 106 and 126 shown in 10 ment of the invention buffer 42 is replaced by file serv- 

FIG. 2 to generate standard NTSC analog video and ers 442, 444 carrying out data session control between 

analog audio signals. video library ports of video information provider 175 

In addition to the basic video-on-demand architec- and remote users. The video information provider 175 

ture shown in FIG. 2, other features can be incorpo- serves not only video information but other types of 
rated into the PSTN under software control. For exam- 15 information, such as still pictures, interactive video, 

pie, a subscriber can elect to implement call blocking etc., sometimes termed "multi-media." The network 

through switch 12 to avoid interruptions from incoming control software of the file server 142, 144 in combina- 

calls during the duration of the video program. Incom- tion with management resources of the PSTN control 

ing calls would instead be diverted to a subscriber's the "network session" between an output controller of 
voice mail box. 20 the file server, external program providers, and user 

VRU 34 may additionally include voice recognition ports. The session manager also maintains a record of 

capability to support voice recognition security func- relevant data regarding each session which is for- 

tions and voice selection of video programming. warded to a customer billing system. 

Another feature is based upon the ability of a sub- As in the video-on-demand service of FIG. 2, sub- 
scriber to the video-on-demand service as described 25 scriber local loops are equipped with ADSL devices 
herein to make a selection either from the subscriber's 104, 124, 16, 18 connected to DCS 24. The enhanced 
premises or from a remote location. In the system as video-on-demand distribution system provides simulta- 
described in the copending application, if the subscriber neous transport of a one-way 1.544 mbps signal over the 
does not remember to turn the television on at the re- same twisted pair transmitting voice messages to the 
served time to receive the selection, the VIP will trans- 30 residential subscriber. As in the architecture of FIG. 2, 
mit the selection anyway, and the subscriber will be the ADSL transported signal is demultiplexed and the 
billed. In accordance with another aspect of the inven- 1.544 portion is decoded using MPEG standard tech- 
tion, and with reference to FIG. 10 describing a gate- niques to deliver a full motion video signal, 
way program routine, decoder 126 at the subscriber's CO equipment 10 establishes connectivity from VIP 
premises, upon being turned on, transmits a signal on 35 175 through the system to file servers 442, 444 and 
channel 304 (FIG. 4) to the gateway 30, whereupon the subscribers 100 and 120. Connected to voice switch 12 
signal is stored, indicating that the subscriber is ready to are the ADSL equipment 16 and 18 for multiplexing (i) 
receive the selection at the reserved time. The stored voice and signaling information from voice switch 12 
signal includes an address portion that identifies the and (ii) digital video file data from DCS 24 onto res pec- 
premises of the subscriber corresponding to the ID 40 tive subscriber local loops 20 and 22. Video and other 
received by the VIP facilities 140, 160 via the gateway media file data from VIP 175 are provided to DCS node 
30 at the time the selection was made. If no such signal 26 and selectively supplied to file server 442 or immedi- 
is stored at the VIP, the selection is not transmitted. ately transmitted to DCS node 24 for supply to file 

As an additional feature of the invention, the gateway server 444 under control of Network Management Sys- 

30 is further programmed to send to each subscriber a 45 tern 28. 

screen image summarizing the current video selections In addition to providing video file programming, the 
that have been made and are awaiting transmission at file servers 442, 444 accept video and other media file 
the designated times, and the time to elapse before the programming from VIP 175 for later transmission and 
next video selection will play. In the case of "impulse" for real-time and multi-pass encoding. Real-time encod- 
selections, when the video will be transmitted to the 50 ing is used to provide encoded high bandwidth signals, 
subscriber immediately or within a predefined short such as full motion video, while minimizing network 
period of time, the screen will confirm the selection, and transmission requirements and providing a signal com- 
may be supplemented by commercial messages. patible with ADSL connectivity to subscriber premises 
An alternative embodiment of the invention is shown 100 and 120. Multi-pass encoding performed by the file 
in FIG. 11, wherein connectivity between central office 55 servers provides a higher quality video signal for stor- 
10a and subscriber premises 100a and 120a is provided age and later transmission over the network to sub- 
by respective High-bit-rate Digital Subscriber Lines scriber premises 100 and 120 than is possible with sin- 
(HDSL) and separate POTS lines. The HDSL uses gle-pass encoding. 

bidirectional four wire Tl lines 48 and 50, including ADSLs 16 and 18 multiplex data on subscribers loops 

repeaters 52 and 54 to connect Office Repeater Bays 60 20 and 22 using frequency multiplexing, dividing the 

(ORB) 44 and 46 to Customer Service Units (CSU) and available loop bandwidth into the same three channels 

Digital Service Units (DSU) 110 and 134 located in as is shown in FIG. 4. Compressed video file data is 

respective customer premises 100a and 120a. The contained between the same 100 and 500 kHz band to 

HDSL requires two pairs and provides full duplex provide a 1.6 mbps channel for transporting the video 

transport at a DS1 rate for loops limited to a CSA stan- 65 file data over respective loops 20 and 22 to customer 

dard range. Because the HDSL does not provide a low premises 100 and 120. 

bit-rate data channel, data from the subscriber premises The file servers 442, 444, shown in further detail in 

to the CO is carried at full duplex bidirectional Tl ser- FIG. 13, comprise a redundant array of data storage 
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disks 203 incorporating layer 3 and 5 error correction. 
Sections of data are distributed non-contiguously 
among the disks. Parity information stored with the 
data enables data to be rebuilt on the fly if any of the 
array of disk drives is lost. Bandwidth within the pro- 5 
cessing plane of a VIP resident computer (not shown) 
must be sufficient to read and write a predefined num- 
ber of data streams. A single source of control 209, if 
sufficiently large, can manage plural such file servers; 
an example is a RISC 6350. Data provided by the server 10 
under control of the control server 209 is supplied with 
appropriate protocol conversion to a virtual memory 
extender (VME) 207 and to DCS 24. 

The control server 209 keeps track of all available 
movies or other information, and routes the movies to IS 
subscribers at an appropriate port through a high band- 
width interface. The control server 209 has a large 
number of ports, each port controlling a single transmis- 
sion to one or more subscribers sharing the session 
(viewing a movie). The state of each port is known by 20 
a table stored in the control server. 

Upon receipt of an order from the gateway 30, the 
control server bundles the order with other identical 
orders received recently, and assigns a port based on the 
states read from the table. For example, a particular 25 
port wiU be reserved for all subscribers placing the same 
order within the next five minutes. Conversion between 
the telephone number of the subscriber and frame ad- 
dress for establishing a physical connection through the 
DCS is carried out in the gateway 30 by table look-up in 30 
gateway data base 32. 

File servers 442, 444 process all requests from video 
gateway 30 to provide video file and video file feeds to 
customer premises via the DCS and ADSL systems. 
• The file servers perform input of video and other infor- 35 
mation files from VIP 175, store these files or pass real- 
time data through to subscribers 100 and 120, monitor 
and record user sessions, process interactive control 
requests from users, and control outputs to the users. 

The file servers 442, 444 also process and supply 40 
video file services including interactive learning, inter- 
active games, and other presentations. The servers fur- 
ther store and process all data required for video file 
and other media applications including text, still pic- 
tures, audio, and partial and full motion video, as well as 45 
interactive application scripts. 

Referring to FIG. 14, file servers 442, 444, shown in 
more detail, include eight major component systems: 
input controller 210, Q.931 or X.25 interface 230, librar- 
ian 250, storage manager 270, session manager 290, 50 
output controller 330, interactive processor 350 and 
video file application processor 370. 

Input controller 210 includes a plurality of DS-3 
input ports 212 for receiving video file data including 
digitized video in the form of MPEG encoded digital 55 
video signals of Dl digital video. Dl digital video is 
supplied to librarian 250 for MPEG encoding. Video 
supplied in MPEG encoded format is selectively sup- 
plied to output controller 330 or to gateway interface 
410 to be routed to session manager 310 for eventual 60 
storage by the file server. 

Interface 230 provides connectivity between interac- 
tive processor 350 and ISDN D Channel Interface 38 
(FIG. 12). Interactive processor 350 receives command 
data over the ISDN from subscribers running interac- 65 
tive programming from the file server. Interactive pro- 
grams include Video file presentations and video games. 
Interactive processor also receives command data from 
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subscriber control unit 130 for interactive control of 
feature presentations including pause, fast-forward, 
reverse, and other "VCR" type capabilities supported 
by the file server. These latter commands are passed to 
session manager 310 for further processing and control 
of the video programming. 

Data to be stored or retrieved from memory is first 
routed through librarian 250 and, under its control, 
storage manager 270 either stores the program data or 
retrieves and provides previously stored program data 
to output processor 330. 

File librarian 250 controls distribution of video, au- 
dio, still image data and text selections to session man- 
ager 290 in response to information requests from ses- 
sion manager 290 and video file application processor 
370. Referring to FIG. 15, the Librarian further moni- 
tors and record in feature index 252 the storage location 
of all video selections for video-on-demand and video 
file applications. The librarian 250 also records a history 
of access to video programming, i.e., "features" and to 
other data provided during each twenty-four hour per- 
iod in usage data accumulation system 260. The usage 
data is supplied to usage probability processor 262 to 
establish an intelligent cache using DRAM Storage 278 
for rapid access and highly addressable storage of fea- 
tures. 

Feature indexes 252 maintain a catalog of data and 
support processing for storing all. locally stored pro- 
grams. This includes the allocation of storage media 
type and space, maintenance of addressing tables for 
program stat and frame indices, and indexes for all vol- 
umes. The program listing data is supplied to a menuing 
system supported by video gateway 30 (FIG. 12) via 
packet data network 40. Gateway 30 may comprise a 
RISC 6000 computer. 

Feature indexes system 252 performs required cata- 
log maintenance functions including input of new fea- 
ture program data into the system, ageing, and deletion 
or archival of aged program data. New program data 
from VIP 175 to be stored by the file server are received 
via a DS-3 port 212 of input processor 210. The catalog 
maintenance system determines the priority of the in- 
coming program data and allocates appropriate storage 
to the data. Once the file space is allocated and the file 
is stored, the volume indexes are updated, the frame 
positions of the program are calculated and frame ad- 
dressing tables are created and stored. The frame ad- 
dressing tables are used to address a feature from any 
position in the feature. 

When it is determined that stored feature is no longer 
required, file librarian 250 removes the program data 
from the file catalog. The record to be deleted is then 
flagged by the system administrator. 

Librarian 250 tracks frequency of feature access. As a 
feature is requested less frequently, it is "aged" by the 
file server. Usage probability processor 262 assigns a 
priority value to the feature which is used to determine 
the appropriate storage type to maximize system re- 
sources while providing acceptable access time to the 
feature based on its demand history. Once a feature is 
aged to a point of not having been requested within a 
predetermined time period, the File Server removes the 
program from on-line storage units 278, 282 and 286 and 
places it in archival storage 290. The feature header 
data remains stored in Feature Indexes 252, although 
access time for the feature will be increased. 

The catalog system updates feature titles data as the 
features are loaded into the file server 242, 244. The 
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updated catalog information is supplied by librarian 250 
of the file server to video gateway 30. The data supplied 
to the video gateway is shown in Table 1. 

TABLE 1 



16 



Element 



Use 



Origin 



stored on a Disk unit, it does not occupy DRAM or tape 
storage until removed. 
High speed tape storage units 286 store features and 



Type 



Feature Title 

Feature Index Number 
Priority 

Feature Length 



Key Actor/Actress, 
Author, Director, 
Subject 

Motion Picture 
Association Rating 



Category 



To be used by the menu 
system to update the 
list of features pro- 
vided for the users 
Used by the gateway 
when transmitting a 
request to the server 
Used by the gateway to 
determine the set-up 
and wait time for a 
feature 

Used for schedule 
processing by the 
gateway 

Used by the gateway for 
performing searches on 
the elements listed 
Used by the gateway for 
feature type blocking 
based on rating: G, PG, 
PG-13, R, N017.XXX 
Used by the Gateway Menu 
processor to determine 
the placement of the 
title 



Video information provider or 
programmer 



Librarian 



Originally determined by the 
feature box office ranking. 
Subsequently determined by 
the Trend processor 
VIP/Programmer 



VIP 



VIP 



Alpha/ 
Numeric 

Integer 



Array 



Usage probability processor 262 statistically deter- 
mines features having the highest probability of usage 
on a per hour, day of week basis to properly allocate 
high order storage, i.e., DRAM storage 278, on an 
hourly basis. In support of this function, usage data 
accumulation 260 stores tables of data including time of 
viewing, day of viewing and cumulative number of 
requests each time a feature is supplied. 

Allocation of storage in the file server 242, 244 is 
based on the ranking of a feature and the output of the 
trend processing performed by usage probability pro- 
cessor 262. Storage is divided into several components, 
including DRAM 278, magnetic disk 282, high speed 
magnetic tape 286 and archival magnetic tape 290. All 
features are stored on the appropriate media based on 
the priority ranking of the feature. For example, 
DRAM storage 278 is used for the highest priority 
features as determined by the trend processing whereas 
archival storage is used for the lowest priority features. 
Table 2 gives typical priority assignments and storage 
capabilities of each media. 



TABLE 2 



Priority 


Number of Features 


Storage 


1 


20 ± 5 


DRAM 


2 


100 ± 20 


MAGNETIC DISK 


3 


300 ±50 


HIGH SPEED TAPE 


4 


500 + 


ARCHIVAL TAPE 



55 



DRAM storage 278 in the described embodiment is 
used for the highest twenty features and data files as 
determined by the trend processing. When a feature or 
other high priority media file is stored in DRAM, it 60 
does not occupy magnetic storage space until removed 
from DRAM storage. A compressed feature length 
movie of 90 minutes duration occupies approximately 
1.2 gigabytes. 

Disk storage units 282 are fast access magnetic and- 65 
/or optical media providing storage for the second 
highest fifty priority features and media data files as 
determined by the trend processing. When a feature is 



media data files having a medium priority as determined 
by the trend processing. Finally, archival tape storage is 
used for the lowest priority of features and media data 
files. 

Storage channel management processor 274 controls 
the flow of data between all storage devices and output 
control processor 330. Input control processor 210 re- 
ceives video file and feature program data from multi- 
file VIP 175. Feature data input streams are accepted 
either as MPEG encoded digital video or as Dl digital 
video for encoding by the file servers 442, 444, shown in 
FIG. 14. All data is either stored for play at a user's 
request or passed directly through to the user as real- 
time programming. Preferably, two or more passes of 
the digital video are processed by the encoder for image 
enhancement prior to storage. Consecutive frames of 
video are compared, and discrepancies corrected using 
well known image enhancement methodology. 

MPEG encoded video data received at DS^3 port 212 
of input processor 210 is routed to session supervisor 
312 for storage by the file server or as flow through to 
an appropriate output port 332 of output processor 330. 
Session manager 310 supervises the data flow once 
connection from the video file information provider to 
the subscriber is established by input control processor 
210 and output processor 330. No data is stored and no 
index information is supplied to librarian 250. 

For non-encoded data, a simplified form of MPEG 
encoding is performed by real-time MPEG encoder 
390, requiring a latency of approximately ten minutes 
from data input to data output. Multi-pass MPEG en- 
coder 392 is used for non-real-time processing, and 
provides full MPEG encoding of video data. Both 
MPEG encoders receive non-encoded video data from 
input processor 210 and provide encoded video to stor- 
age allocation processor 272 of storage manager 270. 
The encoded video data is either stored in an appropri- 
ate storage media or transmitted by storage channel 
management controller 276 to output controller 310 for 
transmission to a subscriber over the PSTN. 
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Session manager 310 includes session supervisor 312 ceives all requests from gateway 30 via interface 230 

which manages all program sessions including system and control channel filter 354 to establish a session and 

access by video-on-demand subscribers, other video file for file retrieval. 

users and input and output to, from and through the file Interactive processor 350 processes incoming corn- 
server by multi-file information providers. Session su- 5 mands from subscribers sites once a session is estab- 
pervisor 312 tracks and records all data considered lished by the gateway 30. These commands include 
pertinent to a users session including output port, input pause or like features for video-on-demand, and all 
port (if receiving data directly from a video file infor- response and requests by multi-file work stations. The 
mation provider or if the user is a video file information incoming data is interrogated for content and selec- 
pro vider), feature being played or video file application 10 ti vely forwarded to the appropriate module for process- 
address, feature index data, feature frame data, and ing: session manager 310 for video-on-demand and 
sessions condition. The session supervisor also performs other retrieval applications and to multi-file application 
network resource optimization by the simultaneous processor 370 for multi-file applications, 
broadcast of the same feature over one output port to Control channel monitor 352 monitors each subscrib- 
multiple subscribers. However, each subscriber session 15 er's control channel to detect a communication failure, 
is individually managed to permit interactive features In the event of a failure, session manager 310 is in- 
such as video pause. formed and corrective action is initiated. Furthermore, 

Session trace processor 314 tracks each subscriber's if monitor 352 determines that the subscriber's ADSL 

session based on feature and frame so that the execution unit has not been turned on at the designated time, the 
of a pause sequence can be managed for each individual 20 session manager 310 aborts the transmission, 

session. A subscriber may start viewing a feature as one Dial-up access to the file server is provided by voice 

subscriber as part of a larger group. Selection of a pause switch 12 which establishes connectivity with VRU 34 

function places the subscriber "out of sync" with the which answers the mcoming call. As in the embodiment 

rest of the group and, hence, requires establishment of a of FIG. 2, the VRU prompts the subscriber for a user 
separate session for that user and requiring session man- 25 ID which is input via the DTMF pad of telephone 

ager 310 to cause the gateway 30 to establish a new instrument 102. The user ID is checked and, if valid, the 

network link to the subscriber's viewing location. Al- VRU prompts for a video selection. The video selection 

though each user is assigned an individual logical ses- is then input using the DTMF pad. of telephone instru- 

sion, sessions in sync with one another can share output ment 102 which then sends the selection information to 
and network facilities. 30 the file server via video gateway 32 and packet data 

The pause function is implemented at the servers 442, network 40. The file server identifies the requested title 

444 of FIGS. 13-15 by a logical session register desig- and determines if the title is available and notes any 

nated for each subscriber and for each session. When a viewer restrictions. 

command to commence a pause is received from the If the title is found, is not restricted from the re- 
subscriber, a counter associated with the designated 35 questor and has not been previously queued for trans- 
register is stopped, and transmission of a movie to that mission, the corresponding data file is opened and a 
subscriber is interrupted while the same transmission to reserve idle communications port is identified for trans- 
other subscribers sharing the session continues. When a mission of the video data to DCS node 26. Transmission 
command to unpause is received from the subscriber, of the data is delayed for a predetermined number of 
transmission of the movie to the subscriber is resumed, 40 minutes in response to a first request for the video selec- 
not from the original session but from another, if any, tion to allow for simultaneous transmission of the video 
carrying the same movie, delayed by a predefined data file to subsequent subscribers placing an order for 
amount of time, e.g., 5 minutes. If there is no session of the same title within the delay period. The subsequent 
the same movie within the predefined time frame con- request orders are also placed in the queue and the 
currently transmitting to other subscribers, a new ses- 45 associated communications port ID is matched to the 
sion is initiated. The new session transmits the same subscriber's network address. 

movie to the subscriber, not from the beginning but After expiration of the predetermined delay, i.e., 

from a few frames preceding the last frame played when when current time equals the designated start time, 

the pause command was received, to ensure synchroni- video data file is transmitted from file server through 

zation. Other functions, such as fast forward, reverse, 50 the DCS to the designated ADSL interfaces 16 and 18 

are carried out as in FIG. 2 using buffering (not shown for transmission to subscriber premises 100 and 120. At 

in FIG. 12). the end of the program, a message is transmitted by the 

During the time the subscriber is waiting for the file server to network management system 28 to take 

movie to continue, following a pause, or prior to initial the system down by terminating DCS connectivity, 

transmission of the movie, a commercial message may 55 Although the present invention has been described 

be played in common to all subscribers sharing that and illustrated in detail, it is clearly understood that the 

session. same is by way of illustration an example and is not to be 

Session supervisor 312 maintains a matrix of routing taken by way of limitation, the spirit and scope of the 

information for each session, including what users are present invention being limited only by terms of the 

assigned to a given output port, and the source of the 60 appended claims, 

input data: input port or local storage. A file play clock We claim: 

uses the total number of frames in a given feature to 1. A central office based public switched telephone 

estimate, by time, the frame position for that feature. network for supplying video information from a digital 

This data is provided to the session registers 318 for information storage medium to designated subscriber 

tracking frames for each logical subscriber session and 65 premises, comprising: 

is used to restart an interrupted session. Session supervi- a telephone company central office receiving video 

sor 312 discontinues register updates upon detection of information signals from a video information 

a session interruption. The session supervisor also re- server and subscriber orders from a prescribed 
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subscriber, said central office including a video 
gateway for providing routing data in response to 
subscriber orders and a switch for routing video 
information signals from said server to the pre- 
scribed subscriber in accordance with said routing 
data; 

a central office interface for transmitting or receiving 
audio telephone service signals, subscriber control 
signals and digital information signals on, respec- 
tively, first, second and third signal channels; 

each said subscriber premises including a subscriber 
interface for transmitting or receiving audio tele- 
phone service signals, subscriber control signals 
and digital multimedia 

information signals on, respectively, the first, second 
and third signal channels; and 

a plurality of subscriber local loops interconnecting 
corresponding subscriber and central office inter- 
faces. 



10 



15 



7. The network of claim 2, wherein said second multi- 
plexer/demultiplexer includes a splitter for supplying 
telephone service signals and video signals from the 
exchange to telephone and television terminals. 

8. The network of claim 2, wherein said subscriber 
local loops comprise wire pairs. 

9. The network of claim 2, wherein said subscriber 
local loops comprise coaxial cables. 

10. The network of claim 2, wherein said subscriber 
local loops comprise optical fibers. 

11. The network of claim 2, further comprising, for 
each subscriber, a decoder coupled to the second multi- 
plexer/demultiplexer for converting an incoming digi- 
tal video signal to an analog video output signal. 

12. The network of claim 11, wherein said digital 
video signals comprise compressed digital data signals, 
and said decoder includes a decompressor for decom- 
pressing an incoming video digital data signal and pro- 



* a . . • j _ , . ... during analog video and associated audio output sig 

2. A switched network for providing digital video 20 na j $ 00 v * 

signals from a video information provider to any one of 

a plurality of subscriber premises, comprising: 

an exchange receiving digital video signals from a 

video information service provider and subscriber 

orders from one or more of the subscribers, said 25 

exchange including a video gateway for providing 



video routing data in response to the subscriber 
orders and a switch for routing selected digital 
video signals to subscriber premises in accordance 
with said routing data; 30 
for each of the subscriber premises, a first multiplex- 
er/demultiplexer coupled to the exchange, a sec- 
ond multiplexer/demultiplexer at the subscriber's 
premises and a subscriber local loop interconnect- 
ing the first multiplexer/demultiplexer and the 35 
second multiplexer/demultiplexer, wherein 
each said first multiplexer/demultiplexer transmits 
or receives audio telephone service signals over 
the subscriber local loop, receives subscriber 



control signals over the subscriber local loop and 40 videi. 



13. The network of claim 2, wherein said exchange 
further includes a packet data network responsive to 
said video gateway for supplying command signals to 
said video information provider. 

14. The network of claim 2, including video storage 
means remote from the subscriber premises for buffer- 
ing video data obtained from said switch and supplying 
buffered video data to a prescribed first multiplexer/- 
demultiplexer. 

15. The network of claim 14, wherein said first multi- 
plexer/demultiplexer includes a control link output 
node for supplying said subscriber control signals to 
said video storage means. 

16. The network of claim 2, wherein said video gate- 
way comprises a memory storing subscriber access data, 
and said gateway is responsive to subscriber identifica- 
tion information and said stored access data to supply 
video scheduling data to said video information pro- 



transmits selected digital video signals from the 
switch over the subscriber local loop in first, 
second and third signal channels respectively 
which are independent of each other, and 
each second multiplexer/demultiplexer transmits 45 
or receives audio telephone service signals over 
the subscriber local loop, transmits subscriber 
control signals over the subscriber local loop and 
receives selected digital video signals over the 
subscriber local loop in said first, second and 
third signal channels. 

3. The network of claim 2, wherein said first channel 
is a bidirectional channel carrying said audio telephone 
service signals between the subscriber and the ex- 
change, said second channel is a unidirectional channel 
carrying subscriber control signals to said exchange, 
and said third channel is a unidirectional channel carry- 
ing digital video signals from said exchange to the sub- 
scriber. 

4. The network of claim 3, wherein said first, second 
and third channels occupy progressively increasing 
frequency bands on the subscriber local loop, with the 
first channel occupying the lowest. 

5. The network of claim 4, wherein said first, second 
and third channels are non-overlapping. 

6. The network of claim 3, wherein the third channel 
has a bandwidth substantially wider than do the first 
and second channels. 



50 



55 



60 



65 



17. The network of claim 2, including a voice switch 
responsive to telephone number data transmitted from 
one of the first multiplexer/demultiplexers for establish- 
ing an audio connection from the local loop of a pre- 
scribed subscriber to the video gateway. 

18. The network of claim 17, wherein said voice 
switch further supplies caller identification information 
to said video gateway that, in turn, supplies network 
address information to said switch for directing video 
data from the video information provider to said one of 
the first multiplexer/demultiplexers. 

19. The network of claim 2, including voice response 
means for supplying to said switch a voice reply to 
order data received from a prescribed subscriber prem- 
ises. 

20. The network of claim 2, wherein said video gate- 
way also provides video scheduling data in response to 
the subscriber orders and said switch routes selected 
digital video signals from the information service pro- 
vider to subscriber premises in accordance with said 
scheduling data. 

21. The network of claim 2, wherein said first multi- 
plexer/demultiplexers include error correcting means 
for correcting errors received thereby over said sub- 
scriber local loops. 

22. The network of claim 2, wherein said first and 
second multiplexer/demultiplexers perform frequency 
domain multiplexing and demultiplexing. 
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23. The network of claim 22, wherein said first and 
second multiplexer/demultiplexers also perform at least 
some time division multiplexing and demultiplexing. 

24. The network of claim 22, wherein said first and 
second multiplexer/demultiplexers perform at least 5 
some time division multiplexing and demultiplexing. 

25. A switched network for providing compressed 
video signals from a video information provider to any 
one of a plurality of subscriber premises, comprising: 

an exchange receiving compressed video signals from 10 
a video information service provider and sub- 
scriber orders from one or more of the subscribers, 
said exchange including a video gateway for pro- 
viding video routing data in response to the sub- 
scriber orders and a switch for routing selected 15 
compressed video signals to subscriber premises in 
accordance with said routing data; 
for each of the subscriber premises, a first multiplex- 
er/demultiplexer coupled to the exchange, a sec- 
ond multiplexer/demultiplexer at the subscriber's 20 
premises and a subscriber local loop interconnect- 
ing the first multiplexer/demultiplexer and the 
second multiplexer/demultiplexer, wherein 
each said first multiplexer/demultiplexer transmits 
or receives audio telephone service signals over 25 
the subscriber local loop, receives subscriber 
control signals over the subscriber local loop and 
transmits selected compressed video signals from 
the switch over the subscriber local loop in first, 
second and third signal channels respectively 30 
which are independent of each other, and 
each second multiplexer/demultiplexer transmits 
or receives audio telephone service signals over 
the subscriber local loop, transmits subscriber 
control signals over the subscriber local loop and 35 
receives selected compressed video signals over 
the subscriber local loop in said first, second and 
third signal channels. 

26. The network of claim 25, wherein said com- 
pressed video signals comprise compressed digital data 40 
signals. 

27. The network of claim 26, further comprising, for 
each subscriber, a decoder coupled to the second multi- 
plexer/demultiplexer for converting an incoming digi- 
tal video signal to an analog video output signal. 45 

28. The network of claim 27, wherein said decoder 
includes a decompressor for decompressing an incom- 
ing compressed digital video data signal and producing 
analog video and associated audio output signals. 

29. The network of claim 25, further comprising, for 50 
each subscriber, a decompressor coupled to the second 
multiplexer/demultiplexer, wherein said decompressor 
decompresses an incoming compressed video signal and 
produces video and associated audio output signals. 

30. The network of claim 25, wherein said first chan- 55 
nel is a bidirectional channel carrying said audio tele- 
phone service signals between the subscriber and the 
exchange, said second channel is a unidirectional chan- 
nel carrying subscriber control signals to said exchange, 
and said third channel is a unidirectional channel carry- 60 
ing digital video signals from said exchange to the sub- 
scriber. 

31. The network of claim 30, wherein said first, sec- 
ond and third channels occupy progressively increasing 
frequency bands on the subscriber local loop, with the 65 
first channel occupying the lowest. 

32. The network of claim 31, wherein said first, sec- 
ond and third channels are non-overlapping. 
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33. The network of claim 30, wherein the third chan- 
nel has a bandwidth substantially wider than do the first 
and second channels. 

34. The network of claim 25, wherein said video 
gateway comprises a memory storing subscriber access 
data, and further wherein said gateway is responsive to 
subscriber identification information and said stored 
access data to supply video scheduling data to said 
video information provider. 

35. The network of claim 25, said first and second 
multiplexer/demultiplexers perform frequency domain 
multiplexing and demultiplexing. 

36. The network of claim 35, said first and second 
multiplexer/demultiplexers also perform at least some 
time division multiplexing and demultiplexing. 

37. The network of claim 25, said first and second 
multiplexer/demultiplexers perform at least some time 
division multiplexing and demultiplexing. 

38. A switched network for selectively providing 
voice telephone service, selectively combined with 
video signals from a video information provider to a 
plurality of subscriber premises, comprising: 

a plurality of subscriber multiplexers/demultiplexers 
located at respective ones of said subscriber prem- 
ises, each including 

(i) a local loop input node for receiving a composite 
signal, 

(ii) a splitter receiving said composite signal and 
supplying separate video output and subscriber 
telephone instrument signals, and 

(iii) separate output nodes for said video output and 
subscriber telephone instrument signals; 

a plurality of subscriber local loops providing com- 
munications connectivity from a respective one of 
said subscriber multiplexers/demultiplexers to a 
respective subscriber loop node; 

a plurality of network multiplexers/demultiplexers, 
each including 

(0 subscriber video input node for receiving a 
video signal and a subscriber telephone instru- 
ment node for receiving a telephone instrument 
signal, 

(ii) a combiner receiving said video signal and said 
subscriber telephone instrument signal to supply 
a composite signal, and 

(iii) a local loop output node for supplying said 
composite signal to a respective one of said sub- 
scriber loop nodes; 

a voice switch receiving telephone instrument signals 
from said telephone instrument nodes and respon- 
sive to telephone number data transmitted by said 
telephone instrument signal for providing audio 
signal connectivity between subscriber telephone 
local loops, 

a video scheduling unit responsive to a control signal 
receiving from a subscriber premise for providing 
video request data to said video information pro- 
vider; and 

a cross-connect switching system receiving video 
data from said video information provider and 
responsive to said video request data for supplying 
said video data to selected ones of said network 
multiplexers/demultiplexers, 

wherein each subscriber multiplexer/demultiplexer 
further includes a node for receiving subscriber 
control signals and transmits said subscriber con- 
trol signals over the subscriber local loop, and each 
network multiplexer/demultiplexer includes means 
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for supplying said subscriber control signals to said 
video scheduling unit, and 
wherein said subscriber local loops carry said video 
signal, said telephone instrument signals and said 
control signals in first, second and third signal 5 
channels respectively which are independent of 
each other. 

39. The network of claim 38, wherein said subscriber 
local loops carry said video signal in a broadband chan- 
nel and carry said telephone instrument signals in a 10 
narrowband channel. 

40. A switched network for providing digital video 
signals from a video information provider to any one of 
a plurality of subscriber premises, comprising: 

network equipment receiving digital video signals 15 

. from a video information provider and subscriber 
orders from a prescribed subscriber, said network 
equipment including a video gateway for provid- 
ing routing data in response to subscriber' orders, a 
data network responsive to said video gateway for 20 
supplying command signals to said video informa- 
tion provider, a network management system and a 
digital cross-connect switch controlled by said 
network management system and said data net- 
work for routing video signals from said video 25 
information provider to the prescribed subscriber 
in accordance with said routing data; 

a network interface including, for each subscriber, a 
first multiplexer/demultiplexer for transmitting or 
receiving digital video signals on a first, unidirec- 30 
tional signal channel and subscriber control signals 
on a second signal channel; 

each said subscriber premises including an interface 
including a second multiplexer/demultiplexer for 
transmitting or receiving digital video signals and 35 



control video signals on, respectively, the first and 
second signal channels; 

a plurality of subscriber local loops interconnecting 
corresponding network and subscriber interfaces; 

said network equipment further including a switch 
responsive to order data transmitted from said sub- 
scriber premises for transmitting said order data 
from the prescribed subscriber to the video gate- 
way that, in turn, supplies network address infor- 
mation to said cross-connect switch for directing 
video data from the video information provider to 
a prescribed network interface; 

a voice switch; and 

means for carrying voice communications between 
said voice switch and telephone equipment in each 
said subscriber premises, wherein said means for 
carrying voice communication comprises a third 
channel, said third channel being on said subscriber 
local loops. 

41. The network of claim 40, wherein said subscriber 
local loops carry said video signal, said control signals 
and voice telephone signals in first, second and third 
signal channels respectively which are independent of 
each other. 

42. The network of claim 41, wherein said first chan- 
nel has a bandwidth substantially larger than do said 
second channel and said third channel. 

43. The network of claim 40, wherein said subscriber 
control signals include command signals to selectively 
specify pause, rewind, and fast forwarding of a selected 
video program, said network further comprising means 
responsive to such command signals to control trans- 
mission of video signals to simulate pause, rewind and 
fast forwarding functions. 
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